Electro-concentration of nutrients from waste streams is a promising technology to enable 25 resource recovery, but has several operational concerns. One key concern is the formation of 26 inorganic scale on the concentrate side of cation exchange membranes when recovering 27 nutrients from wastewaters containing calcium, magnesium, phosphorous and carbonate, 28 commonly present in anaerobic digester rejection water. This indicates that multiple strategies may be required to control precipitation, and that 41 mechanistic models can assist in developing a combined approach. 42
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INTRODUCTION 55
Fertilizer price instability due to increasing global demand, energy costs and resource 56 limitations, has put increased pressure on the Australian agriculture industry. It has been 57 identified that a substantial fraction of major macronutrients (100% P and K, 50% N) can be 58 serviced from existing waste streams (Batstone et al. 2015 , Mehta et al. 2016 ). An emerging 59
technology is electro-concentration of ammonium and potassium ions from the waste stream 60 of anaerobic digester supernatant, which has been passed through a centrifuge (hereafter 61 referred to as centrate) (Mehta et al. 2015) . Specifically, centrate is a target for nutrient 62 recovery, particularly for ammonium and potassium recovery. scale application, work should be done to using electrolyte solutions with low propensity for 153 undesirable electrode reactions. 154
155
Operating conditions 156
Three experiments were carried out to evaluate the benefits of two types of anti-scaling 157 treatments compared to using reject wastewater. For the first treatment (treatment A), the 158 initial diluate and concentrate solution was centrate from Luggage Point Sewage Treatment 159
Plant. This is a major wastewater treatment plant (WWTP) in Brisbane, Australia, which 160 treats a mix of domestic and industrial wastewaters. The centrate had been left to settle at 161 minimum overnight with the supernatant decanted for use in the experiments. The first 162 scaling treatment (treatment B) involved passing the centrate solution through a pilot struvite 163 crystallization process also located at Luggage Point WWTP. The struvite crystallization 164 doses sodium hydroxide and magnesium chloride for pH control, and to promote phosphate 165 recovery. The second scaling treatment (treatment C) involved automated H 2 SO 4 acid dosing 166 of the concentrate reservoir to maintain a constant pH value of 5, in addition to the struvite 167 crystallization pre-treatment. Initial concentrate and diluate solutions were the same at the 168 start of each experiment. Initial volumes of the diluate, concentrate and electrolyte solutionsM A N U S C R I P T
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were 20, 2 and 10 L for all three treatments, respectively. The electrolyte was replaced as the 170 potential began to reach the limit of the potentiostat (30 V were measured by evaporating and drying a 10 mL wastewater sample at specified 186 temperature (103 to 105℃). Total suspended solids (TSS) was determined as the difference 187 between TS and total dissolved solid (TDS) as per standard methods (Eaton et al. 1998) . 188
Total solution volumes were also measured at the start and end of the experimental period 189 (for the concentrate and diluate) and, before and after electrolyte replacement. necessary. The components included total concentrations of sodium, potassium, calcium, 237 magnesium, ammonium, phosphate, nitrate, acetate, chloride, carbonate and sulfate. As a 238 result, this required the expansion of the model to include 79 model species, which include 239 ion pairs as well as species made through acid or base dissociation of the above components 240 (see Table S1 .1 for the full list of species). Initial conditions were set to the initial 241 concentrations of the centrate for the concentrate and diluate areas, or, for electrolyte areas, 242 the electrolyte solution described in Section 2.1, or the initial volumes of the variable volume 243 reservoirs as described in Section 2. 
Water transport 302
The experiments showed significant increases (175% to 335%) in concentrate reservoir 303 volume over the course of the experiments (see Table S4 Table 1 shows the results of the bulk characterization of the scale using ICP, 366 TKN and TP on all parts of the experimental membranes where it was observed to occur. The 367 cation components in the scale include calcium, magnesium and nitrogen. Phosphorous is the 368 only anion which was analyzed in the scale, but it is likely that carbonate precipitants are also 369 present based on aqueous phase concentrations of TIC. A summary of the SEM-OES 370 observations about scale size, composition and shape for the 6 scale samples is also in Table  371 1. SEM-OES images and frequency graphs are in Figures S6.1 
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Modelling results 376
Model calibration for the CO 2(g) k l a value and effective membrane resistance fraction was 377 conducted using the data from treatment A, and validated using the data from treatments B 378 and C. The full experimental and modelled results are shown in Figure S7 while in the case of calcium carbonates it is aqueous carbon dioxide that needs to be 447 removed. The intended use of this technology is downstream of a struvite recovery unit for 448 reject centrate liquor in a standard WWTP. The main outcome of this study is that coupling 449 these technologies is useful for scale control during ED with wastewater relatively high in 450 phosphorous. The more effective the struvite recovery unit is at removing all the phosphate, 451 M A N U S C R I P T
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and if possible calcium, from the wastewater, the less scale will be formed and therefore the 452 maintenance costs for the ED unit will be lower. However, due to its main purpose, the 453 struvite recovery unit does not reduce the calcium or carbonate concentrations as much as the 454 phosphorous. It is noted that pH control of the concentrate is far more expensive (due to 455 chemical consumption) than phosphate removal, and hence there is a hierarchy of control 456 measures. Use of aeration pre-treatment for struvite crystallization to raise the pH may be 457 beneficial as it is known to remove carbonates in addition to promoting struvite formation. 458
Based on the mass of scale formed during the different treatments, it is estimated that the in 459 situ scale reduction treatment C would extend the need for a shut-down chemical cleaning 460 
